The most limiting factor for the agricultural sector in the Sultanate of Oman is a lack of water, and security of supply in terms of both quantity and quality. Salinization of both soils and groundwater systems along the coastal strip of Al-Batinah has placed a substantial burden on farmers regarding crop selection and, therefore, farm profitability. Desalination of brackish and seawaters might be an attractive option to sustain salt-affected lands in the Sultanate, particularly given that recent advances in desalination technologies have reduced energy and running cost requirements. This review is a summary of the international experience on desalination for irrigation water; the opportunities and challenges of the use of this technology for sustaining agriculture in arid environments; and the outcome of a survey that explores the extent of the use of desalination for providing irrigation water on the Al-Batinah coast, Oman. The main challenges for adopting this technology for agriculture are the initial cost of desalination units and the cost of environmentally sustainable disposal of reject water. However, there is a need for more applied research efforts to minimize the detrimental impact of disposal of reject water on the environment, long-term impact of desalinated water on agricultural soils as well as cost and benefit analysis of the technology.
INTRODUCTION
The Sultanate of Oman is an arid country with a mean annual precipitation of only 100 mm (MRMWR ). In the last three decades, Oman has experienced a dramatic increase in population, expansion of economic development, and increase in per capita water consumption.
Increased water demand compared to the availability of good quality water is one of the main challenges for contin- and fruits to less profitable forages and less productive date palms. The current situation suggests that agricultural production is not sustainable, and requires the finding of another water resource to be so. Prathapar et al. () have suggested the use of graywater (domestic wastewater without fecal matter) to reduce the pressure on groundwater resources. However, the lack of easy access to, and the limited volume of graywater produced do not make this a viable option as a source of water for irrigation in Oman. Al Khamisi et al. () showed that it may be feasible to reuse treated wastewater along the Batinah coast in conjunction with some groundwater to minimize the pressure on groundwater aquifers, subject to the availability of economic transportation options. Elimelech & Philip () consider that desalination of brackish and/or seawaters is probably the only feasible option to provide substantial amounts of water beyond the hydrologic cycle in arid environments.
However, although desalination technology offers the potential to cover the freshwater demand deficit, it may not remove key contaminants, such as boron (B) and chloride from irrigation water, and is also commonly considered to be an expensive technology (Shaffer et al. ) .
The objectives of this paper are to reflect the worldwide experience on the use of desalination technology as an option for providing irrigation water for agriculture, to highlight the benefits and challenges of the technology for providing irrigation water, and to present the extent of use of desalination units in farms in the Sultanate of Oman. Sometimes farmers pay an extra or premium price for a water supply which has greater reliability, therefore, morereliable water through desalination can increase its value Depending upon the desired quality of desalinated water, the running cost of chemicals and membranes is relatively low and costs of desalination can be regulated with the optimization of the seasonal crop water requirements. Moreover, inland desalination usually uses brackish water where salinity level (about 10,000 mg/L) is much lower than that of seawater; hence the cost of desalinating brackish water will be lower than that of seawater. Ayers & Westcot () noted that the FAO irrigation water standards allow salinities up to 2,000 mg/L depending on soil and crop considerations, which has a positive impact on the cost of desalination for irrigation water. However, it should be noted that, unlike seawater, the quality of brackish water is not stable over time and tends to increase with time and, therefore, the quality must be considered (Missimer ).
OPPORTUNITIES AND CHALLENGES ON USE OF DESALINATION TECHNOLOGY FOR IRRIGATION WATER
One of the main challenges for adopting this technology for agriculture is the cost of energy. With the advancement 
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The Table 2 ; all of the units used by the farmers are based on RO technology. It should be noted here that the units are assembled locally using imported parts from abroad. Operation and maintenance costs include the costs of filters and antiscalents.
Energy tariffs are subsidized in the Sultanate and range between Rial Omani (RO) of 0.01 and 0.025 per kWh.
Water quality (EC, pH) for the intake, production, and brine waters is presented in Table 3 . Also, the table summarizes the disposal means of brines. All the farmers' units are utilized for producing irrigation water except one, where water is used for drinking and household activities. The volume of brine produced is about 55% of the intake (feed) water volume; disposal is into old wells, protected soil pits, soil surface, or simply outside the vicinity of the farm (Table 3 and Figure 2 ). Three farmers mentioned that they had to stop operating the desalination units periodically to allow time for brine to infiltrate into the soil. In regions where no other sources of water, e.g., treated
wastewater, are available, non-conventional sources of water must be considered to sustain the agricultural sector, and desalination can be an attractive option for providing substantial amounts of good quality water beyond the natural hydrologic cycle. Desalination units are simple to operate and involve low operation and maintenance costs and their high initial cost can be recovered by growing and selling high-value crops in properly controlled environments. The main concern of adopting this technology is the means of brine disposal. More than 50% of intake water is returned back with almost twice the salinity level. Other concerns are high boron and chloride levels in the production water and the impact of low nutrients on soil fertility and structure. One positive aspect is the social impact, where farmers can revive their lands.
The survey conducted among farmers showed that some farmers in the Sultanate of Oman are currently using this technology on their farms. All farmers showed concern regarding brine disposal and are keen on environmentally sound options for its disposal. It is worth mentioning that not all impacts must be considered negative. Desalination, in salt-affected areas, provides good quality water that would otherwise be unavailable. However, the technology is rather expensive and still cost-ineffective unless used in conjunction with another source of water, such as treated wastewater. Furthermore, more research needs to be conducted, especially regarding environmentally sound means for brine disposal and the cost/benefit analysis on a farm income basis.
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